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Abstract In this study, initial minimum inhibitory con-
centration (MIC) of Pb(II) ions was analysed to check
optimum concentration of Pb(II) ions at which the growth
of sulphate-reducing consortium (SRC) was found to be
maximum. 80 ppm of Pb(II) ions was investigated as
minimum inhibitory concentration for SRC. Influence of
electron donors such as lactose, sucrose, glucose and
sodium lactate was examined to investigate best carbon
source for growth and activity of sulphate-reducing bac-
teria. Sodium lactate was found to be the prime carbon
source for SRC. Later optimization of various parameters
was executed using Box–Behnken design model of
response surface methodology to explore the effectiveness
of three independent operating variables, namely, pH
(5.0–9.0), temperature (32–42 C) and time (5.0–9.0 days),
on dependent variables, i.e. protein content, precipitation of
Pb(II) ions, and removal of COD by SRC biomass. Maxi-
mum removal of COD and Pb(II) was observed to be 91
and 98 %, respectively, at pH 7.0 and temperature 37 C
and incubation time 7 days. According to response surface
analysis and analysis of variance, the experimental data
were perfectly fitted to the quadratic model, and the
interactive influence of pH, temperature and time on Pb(II)
and COD removal was highly significant. A high regres-
sion coefficient between the variables and response
(r2 = 0.9974) corroborate eminent evaluation of
experimental data by second-order polynomial regression
model. SEM and Fourier transform infrared analysis was
performed to investigate morphology of PbS precipitates,
sorption mechanism and involved functional groups in
metal-free and metal-loaded biomass of SRC for Pb(II)
binding.
Keywords Pb(II) MIC  Box–Behnken design  Protein 
COD
Introduction
Industrialization and urbanization have resulted in a phe-
nomenal increase in metallic contents in the environment
and has emerged as a worldwide environmental problem.
Heavy metals are innate constituents of the earth’s crust.
Some are fundamental micronutrients for life, but at ele-
vated concentrations they induce rigorous poisoning.
Heavy metals are recalcitrant and in no way degrade in
environment, but are only transformed and transferred
(Satyawali et al. 2011; Hashim et al. 2011; Barka et al.
2013). Lead has no known biological functions. It is
referred as a cumulative poison as it leads to biomagnifi-
cations at various trophic levels in food chains (Dauvin
2008; Flora et al. 2008; Lombardi et al. 2010). Lead is a
mutagenic and teratogenic metal and induces stringent
toxic effects such as cancer, hepatitis, neurodegenerative
impairment, encephalopathy, renal failure, anaemia, and
reproductive damage in living beings (Shahid et al. 2012;
Ghazy and Gad 2014). Diverse industrial processes such as
lead smelting, refining and manufacturing industries, bat-
tery manufacturing, printing and pigment, metal plating
and finishing, ceramic and glass industries, and iron and
steel manufacturing units are key sources of lead
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contamination in wastewater (Yurtsever and Sengil 2008;
Sahu et al. 2013). Being a precarious neurotoxic metal,
10 lg/L of Pb(II) has been recommended by WHO as
secure permissible level in drinking water (Watt et al.
2000; Naik and Dubey 2013). Inorganic form of lead is
reviewed as a metabolic poison and enzyme inhibitor; still,
organic forms of Pb(II) are extremely noxious (Anayurt
et al. 2009; Javanbakht et al. 2011). Several methodologies
such as chemical oxidation, electrocoagulation, electrode-
position, filtration, adsorption, chemical precipitation, sol-
vent exchange, photo-degradation and membrane
separation technologies have been explored long ago to
mitigate recalcitrant heavy metals from adulterated
wastewater (Verma et al. 2013; Rasool et al. 2013; Kumar
et al. 2014; Zewaila and Yousef 2015). But these con-
ventional methods proved unproductive due to their tech-
nical or economical constraints (Demir and Arisoy 2007;
Cibati et al. 2013; Verma et al. 2015). Biological mecha-
nisms impart a leading edge to current physico-chemical
methods to wipe out noxious heavy metals from polluted
waste water as they are eco-friendly, cost effective and do
not produce colossal quantities of sludge (Cirik et al. 2013;
Wang et al. 2014). Recently, biogenic sulphate reduction
has been developing as an innovative bioprocess to reme-
diate sulphate and heavy metals from effluents (Barrera
et al. 2014; Lee et al. 2014; Sanchez-Andrea et al. 2014).
Sulphate-reducing bacteria (SRB) metabolize organic
matter in rigorous anaerobic environment using sulphate as
an electron acceptor and subsequently results in generation
of hydrogen sulphide and bicarbonate. This biogenic sul-
phide quickly reacts with heavy metal ions and finally
transforms them into insoluble metal sulphides (Bratkova
et al. 2013; Hao et al. 2014). SRB also possess other
budding advantages such as they can reduce heavy metals
directly by enzymatic approach and also endowed with
high extracellular metal-binding capacity to accomplish
bioremediation (Bridge et al. 1999; Pagnanelli et al. 2010;
Sahinkaya et al. 2011; Wang et al. 2014). The present work
aims at the study of influence of electron donors and
optimization of bioprecipitation process to explore perfect
conditions for efficient removal of Pb(II) and COD from
simulated waste water. Therefore, the objective of current
research is to present an effective method for treating
Pb(II)-loaded wastewater with COD removal.
Materials and methods
Origin of sulphate-reducing consortium
The sulphate-reducing consortium (SRC) used in this
research was derived from sludge of an electroplating
industry SKH metals LTD., Manesar, Gurgaon district,
Haryana, India. Sample was stored at anaerobic conditions
in sealed plastic bag and was instantly brought to lab. From
the sample, 5 g of sludge was added to 500 ml master
culture flask filled with culture media containing modified
Postgate media (g/L): Na2SO4 1.0; KH2PO4 0.5; NH4Cl
2.0; FeSO4 0.005; CaCl2 0.06; sodium citrate 0.3; yeast
extract 0.1; sodium lactate 15 ml at pH 7 (Singh et al.
2011). Then master culture flask was purged with high-
purity nitrogen to curtail the concentration of dissolved
oxygen. The consortium was incubated for 2 months at
37 C. The presence of black precipitates and foul odour of
hydrogen sulphide was examined which indicates the
presence of sulphate-reducing microbial consortia profi-
cient in precipitating metal ions.
Experimental methods
Experiments were carried out in batch mode using 120-mL
serum vials containing 100 mL of modified Postgate
growth medium with pH 7 and were sealed with aluminum
crimps and butyl rubber stoppers. After that 2 mL super-
natant of SRC (5000 mg/L VSS) was injected in serum
vials and were incubated at 37 C in static position and
were flushed with pure nitrogen gas (99 %) to set up
anaerobic environment. For optimization experiments,
incubation time was adjusted according to the experiments
designed by Box–Behnken design model as shown in
Table 2. Minimum inhibitory concentration (MIC) of
Pb(II) ions for isolated sulphate-reducing bacterial con-
sortium was analysed by implementing heavy metals tol-
erance assay. Lead nitrate (PbNO3)2; 1.598 g was
dissolved in double distilled water (1 L) to obtain Pb(II)
solution at 1000 mg/L. It was used as stock solution. Pb(II)
varied in concentration ranging from 10 to 110 mg/L.
Optical density (OD), metal removal (%) and protein
content were studied to find out the minimum inhibitory
concentration of Pb(II) ions. Different carbon sources like
lactose, sucrose, glucose and sodium lactate were opti-
mized using modified Postgate growth medium to ascertain
best electron donor for anaerobic sulphate reduction. 3.0 %
of total carbon content was supplemented from each carbon
source. MIC and carbon source optimization experiments
were performed at pH 7, temperature 37 C and incubation
time 7 days. All experiments were conducted in triplicate
and average values were determined.
Diagnostic techniques
At defined time intervals, 5 mL of sample was collected
from cultures using sterile and N2-purged syringe for
analysis. OD, redox potential (Eh) and pH of withdrawn
samples was measured instantly using EUTECH Instru-
ments (pH and Eh Tutor). To prepare the cell-free
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supernatant, samples in vials were centrifuged at 5000 rpm
for 10 min at 4 C. Supernatant was further used for
investigation of other parameters. The soluble chemical
oxygen demand in the supernatant was measured by the
Spectralab COD Digester (2015 M) and COD Titrator (CT-
15) using the platinum combined electrode. Lowry’s
method was performed to calculate protein content (Lowry
et al. 1951; Bhatia et al. 2011) and OD was analysed at
kmax 600 nm by UV–visible Spectrophotometer (T80 UV/
VIS). Oxidation reduction potential (ORP) was monitored
using pH 1500 Cyberscan (EUTECH Instruments). The
ORP measurements as millivolt (mV) were carried out at
room temperature. Total residual Pb(II) was quantified by
atomic absorption spectrophotometer (Shimadzu AA-6300,
Japan). Percent removal of Pb(II) was determined using the
following equation:
Removal% ¼ Ci  Cf
Ci
 100; ð1Þ
where Ci is the initial heavy metal concentration; Cf is the
final heavy metal concentration.
Morphology of Pb(II) sulphide precipitates was explored
with scanning electron microscopy (SEM) using (JSM-
E510LV, JEOL) in high-vacuum mode (accelerating volt-
age 10 kV) to study the morphology of metal loaded and
unloaded biomass. The samples were prepared using
phosphate buffer and 2 % glutaraldehyde and were kept
overnight at 4 C for fixation. Sodium cacodylate buffer
(0.1 mol/L) was applied to wash the fixed granules and
then samples were dewatered with a graded ethanol series,
i.e. 10, 25, 50, 75, 90 and 100 %. Finally dewatered sam-
ples were dried to perform SEM.
Infrared analysis was accomplished to explain sorption
mechanism to recognize the existing functional groups on
SRC using PerkinElmer spectrum BX FTIR system (Bea-
confield Buckinghamshire HP9 1QA) within range of
400–4000 cm-1 furnished with diffuse reflectance acces-
sory. Fourier transform infrared (FTIR) measurements
were carried out by the KBr technique. The samples were
assorted with potassium bromide (KBr) and mounted
beneath the spectrometer apparatus.
Box–Behnken design model
The optimization of biosorption process was performed
using Box–Behnken design model (Bezerra et al. 2008) and
was standardized on the basis of Design Expert software
(Stat Ease, 9.0.4 trial version). In the present design, effect
of individual variables, i.e. pH (5.0–9.0), temperature
(32–42 C) and time (5.0–9.0 days) were studied on
responses, i.e. protein, Pb(II) precipitation and COD
sequestration. Table 1 shows minimum and maximum
level of each independent variable of the selected
experimental design. Total 17 experiments were designed
and conducted to study the simultaneous effect of these
variables. The obtained responses and experiments run are
shown in Table 2.
Statistical analysis
To predict the most favourable conditions for better elimina-
tion of Pb(II) and COD, quadratic equation [Eq. (2)] is
expressed as follows: The quadratic equation model for pre-
dicting the optimal point was expressed according to Eq. (2).













aijXiXj þ e; ð2Þ
where Yi (i = 3) is the predicted response, i.e. % removal
of Pb(II) ions, COD and protein conc. (mg/mL), using SRC
biomass, ao is constant coefficient, Xi Xj are the coded
experimental variables correlated to response, e is the error
of model and k is the number of variables studied (Nair and
Ahammed 2015). The second-order polynomial Eq. (3),
includes independent variables, coded as A, B and C and is
expressed as follows:
Y % Removal of metal ionsð Þ ¼ a0 þ aiAþ aiBþ aiC
þ aiA2 þ aiB2 þ aiC2 þ aijA  Bþ aijA  C þ aijB  C
ð3Þ
In the present study, protein concentration (mg/mL),
percentage removal of Pb(II) and COD were analysed
using Eq. (3) including ANOVA to attain interaction
between process variables and response. The quality-of-fit
of polynomial model was expressed by the coefficient of
determination r2 and statistical significance was checked
by F test in the program.
Results and discussion
Minimum inhibitory concentration (MIC) of Pb(II)
ions
The minimum inhibitory concentration (MIC) of Pb(II)
ions for SRC consortium was investigated using Postgate
growth medium modified with varied concentration of
Table 1 The experimental domain factor and level for Box–Behnken
model
Code Name of factor Factor range and levels (coded)
-1 0 1
A pH 5 7 9
B Temperature (C) 32 37 42
C Contact time (days) 5 7 9
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heavy metal ranging from 10 to 110 mg/L. The cultures
were incubated at 37 C for a period of 7 days to monitor
growth of SRB consortium. On 80 ppm concentration of
Pb(II) ions, maximum OD, protein content and Pb(II)
sequestration was found to be 0.98, 0.88 mg/mL and
99.8 %, respectively, as shown in Fig. 1. So MIC of Pb(II)
ions for the said consortium was concluded to be 80 ppm.
Influence of electron donors on Pb(II) and COD
removal
Sulphate-reducing bacterial consortium was cultured for
Pb(II) removal. The modified Postgate growth medium
was tested by varying different carbon sources such as
lactose, sucrose, glucose and sodium lactate each with
3.0 % carbon content. Experiments were conducted to
compare the pH profile, ORP (oxidation reduction
potential), soluble COD removal and Pb(II) removal
efficiency in presence of four carbon sources (Fig. 2). The
lowest Pb(II) removal 59.2 and 70.3 % was obtained with
lactose and sucrose, respectively. The substrate lactose,
sucrose and glucose were fermented and assisted the
fermentative bacteria as compared to sulphate-reducing
bacteria. Thus fructose, sucrose and glucose resulted in
reduction in pH of media and developed acidic condi-
tions. This confirmed that fermentation had occurred
when the consortium was supplemented with these carbon
sources. The maximum Pb(II) removal achieved was
Table 2 Experimental design in term of coded factors and results of Box–Behnken model
Run Factors Responses
pH Temp Time Protein (mg/mL) Pb removal (%) COD (%)
1 9 37 9 0.52 74 67
2 5 37 9 0.27 43 31
3 5 37 5 0.21 51 37
4 7 42 5 0.37 63 53
5 5 42 7 0.27 45 33
6 7 37 7 0.62 98 91
7 7 42 9 0.51 87 85
8 9 32 7 0.25 52 33
9 7 37 7 0.56 72 64
10 7 37 7 0.55 74 67
11 7 32 5 0.29 54 44
12 7 37 7 0.56 72 65
13 7 37 7 0.52 73 67
14 9 37 5 0.38 51 42
15 7 32 9 0.31 67 53
16 5 32 7 0.19 47 26







































Initial Pb (II) conc. (ppm)
Fig. 1 Determination of MIC
for Pb(II) at pH 7 and
temperature = 37 C and
contact time = 7 days
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99.2 % with sodium lactate as carbon source. So it can be
concluded that when sodium lactate was used as a carbon
source at temperature 37 C and time 7 days, maximum
ORP, pH and soluble COD removal attained were -398,
8.06, and 55.5 %, respectively. So sodium lactate was
considered to be the most efficient carbon source for the
said sulphate-reducing bacterial consortium.
Optimization with response surface methodology
The interactive effect of different variables, i.e. pH
(5.0–9.0), temperature (32–42 C) and time (5–9 days) on
responses, protein concentration (mg/mL), COD removal
and bioprecipitation of Pb(II) with SRB consortium were
studied by Box–Behnken design matrix and results are
described in Table 3.
Validation of response surface models and statistical
analysis
Data analysis by Box–Behnken design model reported
optimum condition for COD removal and bioprecipitation
of Pb(II) with SRB consortia and also examined the
interactive effect of independent variables on the respon-
ses. On the basis of quadratic polynomial equations, cor-
relation between the independent variables and responses
were studied (4–6): the regression equation coefficients
were calculated and data were fitted to a second-order
polynomial equation to evaluate protein concentration (mg/
mL), % COD removal and bioprecipitation of Pb(II) with
SRB consortia.
Protein concentration mg=mLð Þ ¼ 0:54þ 0:11  A
þ 0:08  Bþ 0:06  Cþ 0:05  AB
þ 0:05  ACþ 0:03  BC 0:12  A2
 0:12  B2  0:06  C2 ð4Þ
% COD removal ¼ 66þ 14:5  Aþ 11:5  B
þ 10:5  C þ 9:25  AB þ 13:75  ACþ 5:75
 BC 16:125  A2  7:625  B2 þ 0:375  C2 ð5Þ
%Pb IIð Þremoval ¼ 73:0þ 12:25  Aþ 7:25  B þ 9:5
 Cþ 8:25  ABþ 13:75  ACþ 2:75  BC 11:625
 A2  4:625  B 0:625  C2 ð6Þ
The results of ANOVA for removal of protein
concentration, COD and Pb(II) ions are mentioned in
Table 3. Values of Prob[F less than 0.0001 designate
that model terms are considerable for Pb(II) ions and COD
sequestration. For this research the non-significant lack-of-
fit ([0.05), is proficient for data fitness and demonstrated
that quadratic model is quite satisfactory. In the
experimental data, R-square (r2) 0.9706 and adjusted r2
0.9327 for protein, r2 0.9928 and adjusted r2 0.9835 for
COD and r2 0.9945 and adjusted r2 0.9875 for Pb(II) is
closer to 1.0 and rationalized the better fitness of model in
the investigated data.
Optimization of variables for removal of Pb(II) and COD
The effect of independent variables pH (A), temperature
(B) and contact time (C) on protein concentration, COD
and Pb(II) removal with SRB consortia was studied using
quadratic polynomial equations of response surface
methodology (Eqs. (4)–(6)).
Independent variables, pH (A), temperature (B) and
contact time (C), being crucial factors in bioprecipitation
process, were studied intensively. As shown in Eqs. (4)–
(6), it was analysed that all three independent variables
have a linear positive effect on protein concentration, COD
and Pb(II) elimination from aqueous solutions using SRB
consortia.
First, pH (A) was an essential factor (P[ 0.0001) and
had a linear positive effect on protein concentration (mg/















































ORP(mV) COD(%) pH Pb (%)Fig. 2 Effect of carbon sources
on various parameters at
temperature = 37 oC and
contact time = 7 days
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Table 3 Analysis of variance for RSM variables fitted to quadratic model
Responses Source Sum of squares df Mean square F value P value Prob[F
Protein Model 0.33 9 0.036 25.63 [0.0001 Significant
Residual 9.93 7 1.419
Lack of fit 8.25 3 2.75 6.55 0.0505 Not significant
Pure error 1.68 4 4.2
r2 0.9706
Adjusted r2 0.9327
COD removal Model 6254.5 9 694.94 106.91 [0.0001 Significant
Residual 45.5 7 6.5
Lack of fit 37.5 3 12.5 6.25 0.0544 Not significant
Pure error 8 4 2
r2 0.9928
Adjusted r2 0.9835
Pb (II) removal Model 4096.44 9 455.16 141.61 [0.0001 Significant
Residual 22.5 7 3.21
Lack of fit 18.5 3 6.17 6.17 0.0556 Not significant
Pure error 4 4 1
r2 0.9945
Adjusted r2 0.9875
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C
Fig. 3 3D-surface plot showing the interactive of pH and temperature (C) on: a protein, b % removal of Pb(II), c % removal of COD by
consortium of sulphate-reducing bacteria
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aqueous solution by SRB consortia (Eqs. (4)–(6)). It can be
concluded that with increase in pH, protein concentration
increases and also sequestration of COD and Pb(II)
enhanced with rise in pH. As both chemical and biological
factors affect Pb(II) sequestration, when sulphate-reducing
bacteria (SRB) converts sulphate into sulphide, this bio-
logical process results in the generation of bicarbonate ions
and increases the alkalinity of the medium which in turn
provides the favourable conditions for SRB to develop and
the sulphide then combines with heavy metal and results in
formation of metal sulphide precipitates.
Second, temperature (B), (P[ 0.0001) significantly
influences COD and Pb(II) ions removal. Independent
variable temperature had a positive effect on protein con-
centration (mg/mL), COD and Pb(II) elimination
(Eqs. (4)–(6)). The increase in bioprecipitation of Pb(II)
ions with increase in temperature is due increase in sul-
phate removal efficiency as concentration of protein is also
increased with rise in temperature.
Third, incubation time (C), (P[ 0.0001) also plays a
fundamental role in removal of Pb(II) and had a positive
effect on protein production, COD removal and Pb(II)
precipitation by sulphate-reducing bacterial consortium
(Eqs. (4)–(6)). As shorter HRT may not allow adequate
time for SRB activity to neutralize acidity and precipitate
metals. A longer HRT may imply depletion of either the
available organic matter source or the sulphate source for
SRB (Dvorak et al. 1992; Singh et al. 2011).
The interactive effect of two independent variables with
another variable at a fixed level of protein concentration,
biosorption of Pb(II) ions and COD removal with SRB
consortium is shown in 3D surface plots (Figs. 3, 4, 5a–d).
Figure 3a–c shows the interactive effect of two variables
pH (A) 5.0–9.0 and temperature (B) 32–42 C on protein
concentration, biosorption of Pb(II) ions and COD
removal. In Fig. 3a, protein concentration initially
increased with increase of pH i.e. up to 7 and then
decreased with further increase of pH. Similar pattern was
observed in case of temperature also. Maximum protein
concentration was found to be 0.62 mg/mL at pH 7 and
temperature 37 C. SRBs mostly grow in neutral condi-
tions of pH 6–8, but inhibition is detected at pH values
below 6 or higher than 9 (Widdel 1988; Johnson et al.
2009; Zhao et al. 2011; Moon et al. 2013). In Fig. 3b, the
removal of Pb(II) was first increased with increase in pH,
i.e. up to 7 and then decreased with further increase of pH
but slight variation was observed in precipitation of Pb(II)
with change in temperature, i.e. from 32 to 42 C. Hoa
et al. (2007), revealed similar results as optimum pH was in
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biological sulphate reduction process. Alvarez et al. (2007)
reported similar findings as pH 7.5–8.0 was found to be the
optimum pH for lead sulphide precipitation. In Fig. 3c,
removal of COD was increased with increase of pH up to 7
and later it follows a decreasing trend with further increase
of pH. Maximum removal of COD and Pb(II) was observed
to be 91 and 98 %, respectively, at pH 7.0 and temperature
37 C. It can be concluded from the results that maximum
growth of SRB and maximum reduction in parameters
were investigated at pH 7 and temperature 37 C.
Figure 4a–c presents interactive effect of pH (A) and
time (C) on concentration of protein, % removal of Pb(II)
ions and COD with SRC. In Fig. 4a, protein concentration
initially increased with increase in pH i.e. up to 7 and then
decreased with further increase in pH. But in case of time,
initially there was slight increase in protein concentration
up to 7th day and further decreased with increase in time
period. Maximum protein concentration was found to be
0.62 at pH 5 and time 7 days. Figure 4b shows that
removal of Pb(II) ions was first increased and then
decreased with increase of pH from 5.0 to 9.0 and no
significant affect was perceived with increase of time, i.e.
up to 5th to 9th day, In Fig. 4c, no significant effect was
noticed in removal of COD with time 5–9 days while with
pH, initially slight increase was observed in COD removal
but later decreased with further increase in pH. Maximum
removal of COD and Pb(II) was observed at pH 7.0 and
incubation time 7 days. Wang et al. 2008 reported similar
results as reducing rate is high when pH values are between
6 and 8 and lead removal rate was found to be[88.2 %
when the pH value is 8.
Figure 5a–c shows interactive effect of two variables:
time (C) 5.0–9.0 days and temperature (B) 32–42 C on
quantity of protein, sequestration of Pb(II) and removal of
COD. In Fig. 5a concentration of protein initially increased
with increase of temperature, i.e. up to 38 C, and then
decreased with further increase of temperature. Maximum
protein concentration was found to be 0.62 mg/mL at
temperature 38 C and time 7 days. In Fig. 5b it is
observed that no significant change was found in seques-
tration of Pb(II) with increase in temperature, i.e.
32–42 C. While gradual increase was noticed in %
removal of Pb(II) with increase in incubation time i.e.
5–9 days. Maximum Pb(II) ions removal was found to be
98 % at temperature 37 C and time 7 days. In Fig. 5c,
removal of COD was slightly increased with increase of
temperature up to 37 C and later it was almost stable with
further increase of temperature. But with time COD
removal followed an increasing trend with increase in













































































Fig. 5 3D-surface plot showing the interactive of time (days) and temperature (C) on: a protein, b % removal of Pb(II), c % removal of COD by
consortium of sulphate-reducing bacteria
Appl Water Sci
123
of COD was observed to be 91 % at pH 7.0 and time
7 days.
Characterization of Pb(II) sulphide precipitates
SEM was performed to further characterize the lead sul-
phide (PbS) precipitates from metal-free and metal-loaded
biomass of SRC as shown in Fig. 6. SEM images revealed
that the surface morphology of precipitates had a very
muddled morphology of metal-loaded biomass with no
definite pattern, as shown in Fig. 6b. Thus it can be inferred
that there was profound effect of Pb(II) ions on surface of
SRC biomass.
Fourier transform infrared spectroscopy (FTIR) study
was carried out to identify the functional groups present
in SRC in the range 4000–400 cm-1. The biosorbent
capacity of SRC depends upon chemical reactivity of
functional groups at the biomass surface. Figure 7 shows
the shift in the wavelength of dominant peak associated
with the plots by comparing between the control, i.e. lead-
free and lead-loaded biomass. Metal binding process took
place by precipitation of metal and also at the surface of
SRC as shown by the shifts in the wavelength. Two peaks
at 604.19 and 564.25 cm-1 disappeared and the peak at
872.28 cm-1 was flat showing that sulphate group was
strongly involved in the adsorption of lead by adsorbent.
The 1000–1400 cm-1 absorbtion band corresponds to
–CH3, –CH2–, and C–F group, whereas the
750–1000 cm-1 band corresponds to S=O, –C–C–, and
C–Cl functional groups.
Fig. 6 Typical SEM
micrograph of SRB consortium
a Pb (II) unloaded biomass.
















































































In this study, MIC of Pb(II) ions was found to be 80 ppm.
Using Box–Behnken design, it was concluded that com-
bination of pH, temperature and incubation time, had sig-
nificant effect on biosorption of Pb(II) precipitation and
COD removal. The maximum responses were found to be
0.62 mg/mL protein concentration, 98 % Pb(II) and 91 %
COD removal at optimum independent variables such as
pH 7, temperature 37 C and incubation time 7 days. From
significant model and mathematical evaluation, this study
deduced that RSM approach was found to be effective and
efficient process for optimization of biosorption process.
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